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An Introduction to Stormwater Runoff
Grade Level: 5-9; can be
modified for younger and
older
Activity Duration: 180
minutes
Overview:
I. Introduction to
watersheds
II. Calculating
pervious and
impervious
surfaces
III. Putting the picture
together

Literacy Connections
Schaefer,Lola M., & Wattenberg, J.,
illus. (2001). This is the Rain.
Greenwillow Books: Hong Kong.
(ages 4 and up)
Strauss, R. & Woods, R., illus.
(2007). One Well – The Story of
Water on Earth. CitizenKid:
Tonawanda, NY. (ages 8 and up).

Summary: We all live in a watershed. Watersheds, particularly in urban
areas, have changed drastically in the last 200 years. The number of
impervious surfaces has increased which creates challenges for stormwater
systems. In this lesson, students will review the concept of watershed.
Students will learn how much water collects from impervious surfaces in a
1-inch rainstorm and discuss what happens to that water. Along with this
introduction to stormwater sewers, students will explore ways they can
minimize stormwater pollution.
Topic: watershed, stormwater, storm sewer, impervious surfaces, area,
volume, pollution
Theme: Stormwater water systems have to handle a lot of water and are
easily polluted.
Goals: Students will understand that impervious surfaces create a
particular need for stormwater systems. Students will learn that they can
help prevent pollution of stormwater.
Objectives:
1. Students will be able to define watershed.
2. Students will be able to define the difference between impervious
and pervious surfaces.
3. Students will use formulas to find area and volume.
4. Students will discuss potential sources of stormwater pollution.
Lessons Adapted From:
MN DNR MinnAqua Program. (2010). Fishing: Get in the Habitat! Leader’s Guide. “Lesson 3:5 – The
Lake Game.” and “Lesson 3:4 – Wonderful Watersheds.”
Minnesota Sea Grant Lesson – “The Lake Game.” which is used in the “Lesson 3.5 - Lake Game” in the
MinnAquaLeader’s Guid and cited as follows: Adapted from: Liukkonen, B. (1998). The Lake Game,
For People Who Care About Lakes. University of Minnesota Sea Grant Program. The Lake
Game is reprinted with permission from the University of Minnesota Sea Grant Program.)
Missouri Botanical Garden, Missouri Department of Natural Resources, and MSD.
(2008). Clean Water Education: Teacher Resource Packet, Grades 4-8. pp. 47-50.
Retrieved from:
http://www.stlmsd.com/educationoutreach/bestpractices/overviewandbenefits/Clean%20
Water%20Packet%20for%20Teachers.pdf
Mooney-Bullock. (2011). “Calculating Stormwater Runoff.” Focus on Stormwater. Civic Garden of
Greater Cincinnati. Retrieved from:www.greenlearningstation.org/class_stormwater.aspx
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Suggested MN Science Standards:
0.1.1.2.1 The Nature and Science of
Engineering – The Practice of Science
Use observations to develop an accurate
description of a natural phenomenon and
compare one’s observations and
descriptions with those of other.
1.1.1.1.1 The Nature and Science of
Engineering – The Practice of Science
When asked “How do you know?”
students support their answer with
observations.
1.1.1.1.2 The Nature and Science of
Engineering – The Practice of Science
Recognize that describing things as
accurately as possible is important in
science because it enables people to
compare their observations with those of
others.
1.1.3.2.1 The Nature and Science of
Engineering – Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Recognize that tools are used by people,
including scientists and engineers, to
gather information and solve problems.
2.1.1.2.1 The Nature and Science and
Engineering – The Practice of Science
Raise questions about the natural world
and seek answers by making careful
observations, noting what happens when
you interact with an object, and sharing
the answers with others.
2.1.2.2.3 The Nature of Science and
Engineering – The Practice of Engineering
Explain how engineered or designed items
from everyday life benefit people.
2.2.2.1.1 Physical Science – Motion
Describe an object’s change in position
relative to other objects or a background.

2.2.2.1.2 Physical Science – Motion
Demonstrate that objects move in a variety
of ways, including a straight line, a curve,
a circle, back and forth, and at different
speeds.
3.1.1.1.1 The Nature of Science and
Engineering – The Practice of Science
Provide evidence to support claims other
than saying “Everyone knows that” or “I
just don’t know,” and question such
reasons when given by others.
3.1.1.2.1 The Nature of Science and
Engineering – The Practice of Science
Generate questions that can be answered
when scientific knowledge is combined
with knowledge gained from one’s own
observations or investigations.
3.1.1.2.3 The Nature of Science and
Engineering – The Practice of Science
Maintain a record of observations,
procedures, and explanations, being
careful to distinguish between actual
observations and ideas about what was
observed.
3.1.1.2.4 The Nature of Science and
Engineering – The Practice of Science
Construct reasonable explanations based
on evidence collected from observations or
experiments.
4.1.2.1.1 The Nature of Science and
Engineering – The Practice of Engineering
Describe the positive and negative impacts
that the designed world has on the natural
world as more and more engineered
products and services are created and
used.
4.2.1.1.1 Physical Science – Matter
Measure temperature, volume, weight and
length using appropriate tools and units.
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4.3.2.3.1 Earth and Space Science –
Interdependence Within the Earth System
Identify where water collects on Earth,
including atmosphere, ground and surface
water, and describe how water moves
through the Earth system using the
processes of evaporation, condensation,
and precipitation.
4.3.2.3.1 Earth and Space Science –
Interdependence Within the Earth System
Identify where water collects on Earth,
including atmosphere, ground and surface
water, and describe how water moves
through the Earth system using the
processes of evaporation, condensation,
and precipitation.
5.1.1.1.4 The Nature of Science and
Engineering – The Practice of Science
Understand that different models can be
used to represent natural phenomena and
these models have limitations about what
they can explain.
5.1.1.2.2 The Nature of Science and
Engineering – The Practice of Science
Identify and collect relevant evidence,
make systematic observations and
accurate measurements, and identify
variables in a scientific investigation.
5.1.3.4.1 The Nature of Science and
Engineering – Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Use appropriate tools and techniques in
gathering, analyzing, and interpreting
data.
5.1.3.4.2 The Nature of Science and
Engineering – Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Create and analyze different kinds of
maps of the student’s community and of
Minnesota.

5.4.4.1.1 Life Science – Human
Interactions with Living Systems
Give examples of beneficial and harmful
human interaction with natural systems.
6.1.2.2.1 The Nature of Science and
Engineering – The Practice of Engineering
Identify a common engineered system and
evaluate its impact on the daily life of
humans.
6.1.2.1.2 The Nature of Science and
Engineering – The Practice of Engineering
Recognize that there is no perfect design
and that new technologies have
consequences that may increase some
risks and decrease others.
6.1.3.1.1 The Nature of Science and
Engineering – Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Describe a system in terms of its
subsystems and parts, as well as its inputs,
processes, and outputs.
6.1.3.4.1 The Nature of Science and
Engineering – Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Determine and use appropriate safe
procedures, tools, measurements, graphs,
and mathematical analyses to describe
and investigate natural and designed
systems in a physical science context.
7.1.3.4.1 The Nature of Science and
Engineering – Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Use maps, satellite images, and other data
sets to describe patterns and make
predictions about natural systems in a life
science context.
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7.1.3.4.2 The Nature of Science and
Engineering – Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Determine and use appropriate safety
procedures, tools, measurements, graphs,
and mathematical analyses to describe
and investigate natural and designed
systems in a life science context.
8.1.1.2.1 The Nature of Science and
Engineering – The Practice of Science
Use logical reasoning and imagination to
develop descriptions, explanations,
predictions, and models based on
evidence.
8.1.3.3.3 The Nature of Science and
Engineering – Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Provide examples of how advances in
technology have impacted the ways in
which people live, work, and interact.
8.1.3.4.1 The Nature of Science and
Engineering – Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Use maps, satellite images, and other data
sets to describe patterns and make
predictions about local and global systems
in Earth science contexts.
8.1.3.4.2 The Nature of Science and
Engineering – Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Determine and use appropriate safety
procedures, tools, measurements, graphs,
and mathematical analyses to describe
and investigate natural and designed
systems in Earth and physical science
contexts.
8.3.2.3.2 Earth and Space Science
Describe how the water cycle distributes
materials and purifies water.

8.3.4.1.2 Earth and Space Science –
Human Interactions with Earth Systems
Recognize that land and water use
practices can affect natural processes and
that natural processes interfere and
interact with human systems.
9.1.3.1.1 The Nature of Science and
Engineering – The Practice of Engineering
Describe a system, including specifications
of boundaries and subsystems,
relationships to other systems, and
identification of inputs and expected
outputs.
9.1.3.1.3 The Nature of Science and
Engineering – Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Describe how positive and/or negative
feedback occur in systems.
9.1.3.4.2 The Nature of Science and
Engineering – Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Determine and use appropriate safety
procedures, tools, computers, and
measurement instruments in science and
engineering contexts.
9.1.3.4.3 The Nature of Science and
Engineering – Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Select and use appropriate numeric,
symbolic, pictorial, or graphical
representation to communicate scientific
ideas, procedures and experimental
results.
9.1.3.4.5 The Nature of Science and
Engineering – Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Demonstrate how unit consistency and
dimensional analysis can guide the
calculation of quantitative solutions and
verification of results.
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Suggested MN Math Standards:
4.1.1.3 – Number and Operation
Multiply multi-digit numbers, using
efficient and generalizable procedures,
based on knowledge of place value,
including standard algorithms.
4.1.1.5 – Number and Operation
Solve multi-step real-world and
mathematical problems requiring the use
of addition, subtraction, and multiplication
of multi-digit whole numbers. Use various
strategies, including the relationship
between operations, the use of technology,
and the context of the problem to assess
the reasonableness of results.
4.3.2.3 – Geometry and Measurement
Understand that the area of a twodimensional figure can be found by
counting the total number of same size
square units that cover a shape without
gaps or overlaps. Justify why length and
width are multiplied to find the area of a
rectangle by breaking the rectangle into
one unit by one unit squares and viewing
these as grouped into rows and columns.
4.3.2.4 – Geometry and Measurement
Find the area of geometric figures and
real-world objects that can be divided into
rectangular shapes. Use square units to
label area measurements.
5.1.1.1 – Number and Operation
Divide multi-digit numbers, using efficient
and generalizable procedures, based on
knowledge of place value, including
standard algorithms. Recognize that
quotients can be represented in a variety
of ways, including a whole number with a
remainder, a fraction or mixed number, or
a decimal

5.1.1.4 – Number and Operation
Solve real-world and mathematical
problems requiring addition, subtraction,
multiplication, and division of multi-digit
whole numbers. Use various strategies,
including the inverse relationships between
operations, the use of technology, and the
context of the problem to assess the
reasonableness of results.
5.2.3.2 – Algebra
Represent real-world situations using
equations and inequalities involving
variables. Create real-world situations
corresponding to equations and
inequalities.
5.2.3.3 – Algebra
Evaluate expressions and solve equations
involving variables when values for the
variables are given.
5.3.2.1 – Geometry and Measurement
Develop and use formulas to determine the
area of triangles, parallelograms, and
figures that can be decomposed into
triangles.
5.3.2.2 – Geometry and Measurement
Use various tools and strategies to
measure the volume and surface area of
objects that are shaped like rectangular
prisms.
5.3.2.3 – Geometry and Measurement
Understand that the volume of a threedimensional figure can be found by
counting the total number of same-sized
cubic units that fill a shape without gaps or
overlaps. Use cubic units to label volume
measurements.
5.3.2.4 – Geometry and Measurement
Develop and use the formulas V=lwh and
V=Bh to determine the volume of
rectangular prisms. Justify why base area
B and height h are multiplied to find the
volume of a rectangular prism by breaking
the prism into layers of unit cubes.
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6.1.1.7 Number and Operation
Convert between equivalent
representations of positive rational
numbers.
6.1.3.1 – Number and Operation
Multiply and divide decimals and
fractions, using efficient and generalizable
procedures, including standard
algorithms.
6.1.3.4 Number and Operation
Solve real-world and mathematical
problems requiring arithmetic with
decimals, fractions, and mixed numbers.
6.2.3.1 Algebra
Represent real-world or mathematical
situations using equations and inequalities
involving variables and positive rational
numbers.
6.3.1.1 Geometry and Measurement
Calculate the surface area and volume of
prisms and use appropriate units, such as
cm2 and cm3. Justify the formulas used.
Justification may involve decomposition,
nets, or other models.
6.3.1.2 Geometry and Measurement
Calculate the area of quadrilaterals.
Quadrilaterals include squares, rectangles,

rhombuses, parallelograms, trapezoids,
and kits. When formulas are used, be able
to explain why they are valid.
6.3.3.1 Geometry and Measurement
Solve problems in various contexts
involving conversation of weights,
capacities, geometric measurements, and
times within measurement systems using
appropriate units.
7.3.1.2 Geometry and Measurement
Calculate the volume and surface area of
cylinders and justify the formula used.
7.3.2.2 Geometry and Measurement
Apply scale factors, length ratios, and
area ratios to determine side lengths and
areas of similar geometric factors.
9.3.1.2 Geometry and Measurement
Compose and decompose two- and threedimensional figures; use decomposition to
determine the perimeter, area, surface
area, and volume of various figures.
9.3.1.5 Geometry and Measurement
Make reasonable estimates and judgments
about the accuracy of values resulting
from calculations involving measurements.
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Environmental Literacy Scope and Sequence
Benchmarks:
• Social and natural systems are made of parts. (K-2)
• When parts of social systems and natural systems are put together, they can
do things they couldn’t do by themselves. (K-2)
• In social systems that consist of many parts, the parts usually influence each
one another. (3-5)
• Social and natural systems may not function as well if parts are missing,
damaged, mismatched, or misconnected. (3-5)
• The output from a social or natural system can become the input to other parts
of social and natural systems. (6-8)
• Social and natural systems are connected to each other and to other larger
and smaller systems. (6-8)
• Interaction between social and natural systems is defined by their boundaries,
relation to other systems, and expected inputs and outputs. (9-adult)
Concepts addressed in this lesson: abiotic factors, cause and effect, cycles, patterns,
waste
For the full Environmental Literacy Scope and Sequence, see:
www.seek.state.mn.us/eemn_c.cfm
Great Lakes
Lakes Literacy Principles

Please note, not all Great Lakes Literacy Principles are addressed in this lesson.
1. The Great Lakes, bodies of fresh water with many features, are connected to
each other and the world ocean.
2. Natural forces formed the Great Lakes; the lakes continue to shape the
features of their watershed.
3. The Great Lakes influence local and regional weather and climate.
4. Water makes the Earth habitable; fresh water sustains life on land.
5. The Great Lakes support a diversity of life and ecosystems.
6. The Great Lakes and humans in their watersheds are inextricably
interconnected.
7. Much remains to be learned about the Great Lakes.
8. The Great Lakes are socially, economically, and environmentally significant to
the region, the nation, and the planet.
For more information about the Great Lakes Literacy Principles, visit:
http://greatlakesliteracy.net/
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Materials:

Introduction to Watersheds:
•
•

EnviroScape or other watershed model
Water spray bottle

Calculating Pervious and Impervious Surfaces:
•
•
•
•
•
•
•

1 map of school grounds for each student group (prepared by the teacher)
1 measuring tape or yard stick for each student group (7 included in kit)
Calculating Pervious and Impervious Surfaces worksheet for each student
Calculators (supplied by the teacher/students)
Article from June 2012 flood in Northeastern Minnesota
Laminated pictures from June 2012 flood illustrating the overflow of sewer
water
Optional (not provided in kit):
o Graph paper
o Clipboards
o Protractors

Putting It All Together:
•
•
•

•
•
•

One copy of the Scenario Cards
One copy of the Discussion Cards
EnviroScape or other watershed model
o The following materials should be included with the EnviroScape and
Accessories Kit:
 Red food coloring with a dropper
 Green food coloring with a dropper
 Soil or powdered cocoa in a salt shaker
 Salt in a shaker
 Sprinkles
 Three pieces of string
 Molasses with a spoon
 Three spray bottles with water
 Sponges cut into 1” strips
Bucket with clean water
Empty Bucket
Towel
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Background:

Watershed11
What is a watershed? When you think of something that sheds water, you usually
think of a raincoat or an umbrella. But a watershed also catches water. Turn an
opened umbrella upside-down, and you’ll form a clearer picture of how a watershed
works. A watershed is an area of land that catches precipitation (rain, sleet, snow)
that flows and drains into a body of water such as a wetland, stream, river, lake, or
groundwater. A watershed can also be compared to a bowl, a dishpan, or a tub. A
watershed is a well-defined area that drains into a water body – and the water can
collect below the ground or on the surface. Stormwater is water that runs off the land
during precipitations events; this water is important to watershed and must be
managed appropriately.

A watershed is an area of land that drains into a body of water. Every place on Earth
has its watershed, and we all live within a watershed.
Everyone lives within a watershed. Schoolyards, backyards, farmyards, parking lots,
homes, neighborhoods, towns, and cities are part of a watershed. If you travel
anywhere, you’re in a watershed. Most of us drink water that comes from somewhere
within a local watershed, and we all depend on the quality of our local water. People
in rural areas often draw their water supply from local wells (groundwater), while
public water supply systems (drawn from surface water or groundwater) are more
prevalent in urban towns and cities. In the United States, most people receive drinking
water from groundwater sources. And wildlife, especially fish, depend on the quality
of our lakes, rivers, and streams, too!
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Watershed boundaries transcend city, county, state, and international borders.
Ridgelines, an area’s highest elevations, separate one watershed from another.
Many small watersheds can be part of a larger watershed. For example, a small
watershed may include a tiny stream that flows into a larger river such as the
Mississippi River. All of the land around the tributaries that drain into the Mississippi
make up the Mississippi River watershed, but each of those smaller tributaries drain a
smaller watershed area within the larger watershed.

Have you ever watched rain falling on the schoolyard and wondered where it goes?
A watershed can be as small as the area that drains into a puddle in a parking lot, or
as large as the Mississippi River watershed that drains 41 percent of the continental
United States.
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Stormwater
Once rain hits the ground or a building, we call it “stormwater.” Stormwater either
flows over the surface of the ground or soaks in and becomes “groundwater.”
Stormwater that remains on the surface eventually
flows into storm sewers (sometimes called storm
drains), ditches, rivers and lakes. As stormwater flows
along, it picks up pollutants from the land’s surfaces
and carries them to lakes, rivers, and streams.
Our daily activities around our homes, on our streets,
and in our neighborhoods can greatly impact the
quality of our water. Making informed choices about
our activities such as washing our cars, changing the
oil in our cars, and having our pets outdoors can
greatly reduce or increase the amount of pollution
going into our lakes and rivers every time it rains or
the snow melts. To reduce the amount of pollution
going into our streams, rivers, and lakes you can do
the following:
Wash your car at a carwash or on your lawn
(not driveway) and use as little soap as
possible.
• Pick up pet waste and put in the trash.
• Keep storm drains free of debris and litter.
• Bring used oil to a disposal facility; do not
dump it on the ground or down a storm drain.
Bag you leaves and bring them to a yard waste facility; do not rake leaves
into the street or ditch or a storm drain.
•

•

Pervious and Impervious Surface2
Visualize a rain falling on a field. Where does the rain go? Now visualize rain falling
on an asphalt parking lot. Where does the rain go? Not all surfaces within a
watershed respond to water in the same way. Surface type can be roughly broken
down into two categories. 1) Pervious surfaces (wetlands, fields, forests, boardwalks,
wood-chipped walkways) allow water to soak into the ground (a process called
infiltration). Infiltration decreases the amount of surface water, reduces the flow of
water over the landscape, and increases ground water. 2) Impervious surfaces
(roads, rooftops, parking lots, and other hard surfaces) do not allow water to soak
A Very Impervious Situation - Science Institute 20122012-2013
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into the ground, which means more water flows over the surface of the landscape.
Increased surface flow also increases the speed at which water moves over the
watershed. Impervious surfaces decrease ground water.
Whether or not water ends up as ground water or surface water is a big deal. Water
in the ground creates what we call “groundwater” and the “water table.” This water
is where we get well water from, and it provides water (“baseflow”) to our streams,
rivers, and lakes during the winter and in between rainstorms in the summer. Without
it, streams could stop flowing during droughts and over winter. Cities build lots of
roads, buildings, houses, driveways, parking lots, etc. All of these things are
impervious surfaces that rainwater can’t soak into. When rain hits these surfaces, it
then flows rapidly across them and into storm sewers, instead of soaking into the
ground and becoming groundwater. In many cases, storm sewers empty into streams
and lakes. Stormwater in these pipes does not get treated by the wastewater
treatment plant; it goes straight into natural waters. All of this water greatly alters the
natural flow of the stream, making the flow more dependent on intermittent rainfall
than on the steady flow of ground water.
During periods of high flow, erosion of stream banks muddies the water, degrading
habitat for plants and animals that depend on clear water. Dirt in the water clogs the
gills of fish, fills in the area around rocks where all the bugs, young fish, and crayfish
live, and blocks light needed for plants. The dirt also settles to fill in the channels of
streams, lakes, and reservoirs. Additionally, stormwater runoff will carry pollutants
and fertilizer into the local streams. Anything that the stormwater picks up while
flowing across lawns and parking lots or down streets, such as litter, cigarette butts,
and motor oil, as well as air pollutants that settle from car exhaust, fertilizers, and
pesticides, will all get dumped straight into streams, rivers, or lakes.
Below is a table separating surfaces by their pervious or impervious nature. The table
was developed considering the following factors: (1) alteration of natural drainage
patterns; (2) impeded infiltration; (3) treatment to remove silt, sediment, or nutrients;
(4) vegetation; (5) groundwater discharge. In addition, the practices of local
jurisdictions and information from engineers, planners, and landscape architects
familiar with materials and techniques were incorporated in the evaluations.
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Type of Structure

Impervious

Driveway, asphalt
Driveway, gravel

X
X

Driveway, concrete
Driveway, dirt

X
X

Parking lots, gravel

X

Parking lots, paved
Parking lots, turf

X
X

Roof
Sidewalks, paved
Sidewalk, boardwalk

X
X

Swimming Pools
Tennis courts
Walkways, gravel
Walkways,
woodchips

Pervious

Notes
Use causes gravel to
become compacted
over time
Use causes gravel to
become compacted
over time
Use causes gravel to
become compacted
over time
Use causes turf to
become compacted
over time

X

Spaces between
boards, 6” gravel
under deck, plantings

X
X
Site-specific
X

Notes of the June
June 2012 Flood Relating to Duluth, MN’s Stormwater Infrastructure3
The flooding in the city of Duluth after the June 2012 storm was not a result of
undersized storm sewers, too much development, or not enough rain gardens. The
flooding and damages that were caused in June 2012 were the result of extremely
prolonged, intense rainfall. There was simply a lot of water coming down the hill, and
the storm sewers are not designed to carry that volume of water.
This flood did more than just overload the stormwater system with water; the flood
also moved a large volume of rock and deposited that rock at the bottom of the hill
and along the hillside in Duluth. In some cases, this changed the course of the water
flow – affecting the watershed in ways we haven’t even begun to explore in this
lesson.
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Vocabulary4:
Erosion – the wearing away of the Earth’s surface by wind or water; a loss of soil.
Erosion occurs naturally from weather or runoff but is often intensified by human
practices.
Impervious surface – a surface that does not allow water to soak into or pass through
it (i.e., concrete, asphalt, packed soil, packed gravel, roofs)
Infiltration – when water soaks into the ground. Once in the ground, this water can
be used by the roots of plants or stored in the groundwater system.
Nonpoint source pollution – contaminants that result from many different human
activities over a widespread area and not from a single location or point of origin.
Nonpoint source pollution occurs when water runoff picks up pollutants that may be
on the ground, such as fertilizer, oil, litter, pet waste, or bare soil and carries them to
a body of water.
Pervious surface – a surface that allows for the passage of water; pervious materials
permit water to enter the ground by virtue of their porous nature (i.e., gardens,
forested areas, loosely packed gravel or soil)
Point source pollution – contaminants that are discharged into water bodies from
clearly identifiable pipes or points, such as an industrial facility or municipal sewage
treatment plant
Pollution – contamination of the natural environmental with harmful substances as a
result of human activities
Precipitation – water released from clouds in the form of rain, freezing rain, sleet,
snow, or hail that falls back to the Earth.
Runoff – when water from precipitation flows over the surface of the ground and
eventually makes it way to a stream or river. Runoff can pick up soil and pollutants
from the land and carry them to a body of water such as a stream, lake, or ocean
Sanitary
Sanitary sewer – a pipe that carries unclean water (i.e., from toilets, sinks, bathtubs)
from homes and businesses to a wastewater treatment plant
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Sedimentation – fine soil particles that are transported by water and deposited in the
stream, lake, or wetland. Too much sediment can kill aquatic life. The settling of
excess sediment to the bottom of a waterway is know as sedimentation.
Stormwater – water that washes off the land after a rainstorm. In developed
watersheds, it flows off roofs and pavement into storm drains that may feed directly
into a stream; often carries concentrated pollutants.
Storm sewer – a pipe designed and intended to receive and carry stormwater runoff
into a receiving body of water. This runoff may be discharged directly into streams,
creeks, and rivers without further treatment unlike sanitary sewers.
Thermal pollution – a temperature rise in a body of water sufficient to be harmful to
the aquatic life in the water. Thermal pollution can occur from things like industrial
waste discharge, runoff from heated impervious surfaces (like roads and rooftops), or
from suspended materials in the water (like soil and other compounds) that more
readily absorb heat.
Waste water treatment plant – an industrial treatment facility that processes the water
to remove toxic and hazardous wastes; sometimes synonymous with sewage
treatment plant.
Watershed – an area of land that drains water into a common water body, such as a
stream, lake, river, or wetland
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Procedure:

Introduction to Watersheds5
1. Introduce students to the EnviroScape or your chosen watershed model.
a. Explain that this represents a community, much like the one they may
live in.
b. Have students name areas of the community and discuss what might
happen where on the EnviroScape.
2. Ask students where rain will go when it rains on the EnviroScape community.
a. Make a list of these places.
Watershed
b. Guide student to list rain, snow, storm sewers,
water that runs downhill on the land, and rain
A watershed is the area of
and snowmelt running down streets and
land that drains water into a
sidewalks.
common water body, such as
c. Have 3 students spray water on the
a lake, river, or wetland.
EnviroScape and observe where it goes.
Everyone lives in a watershed.
3. Prompt students to create a definition of watershed.
Small watersheds can be part
4. Have students close their eyes. Ask them to imagine
of a larger watershed – even a
what the EnviroScape community might have looked
puddle has a watershed.
like 200 years ago, before there were farms, houses,
roads, and cars. Ask the following questions:
a. Who lived on the land?
b. What kinds of things were people doing on the land in the watershed?
c. What do they think the water in the local lakes and streams was like?
d. Why?
5. With their eyes still closed, ask students to think about their neighborhood
today. Ask the following questions:
a. What does it look like?
b. Who lives on the land?
c. Which human activities occur in the watershed?
d. How do those activities affect the water in their neighborhoods?
e. What do they suppose the water in local lakes and streams is like
today? Why?
6. Ask your students what the biggest difference would be for a raindrop if it
were to fall on the community today instead of 200 years ago. What would
that raindrop be likely to encounter that could change how it got to its next
location? (Sidewalks, streets, roofs, mowed lawns – in short, more impervious
surfaces!)
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Adaptation to Use if EnviroScape
EnviroScape is Not Available:
If you’d rather not use the EnviroScape or a constructed watershed model, you can
demonstrate watershed concepts by using a plastic grocery bag. Place the plastic bag
over common objects like staplers, jars, and coffee cups to create topography. Have
students help name the “landforms” created by the hidden structures. For example,
the “mountain ridge” created by the stapler might be “Stacy’s Ridge.” Use the spray
bottle to rain on the landscape. Watch where water goes and collects. You can ask
students the same questions listed above about where water goes. Ask students to
help define watershed(s) within the plastic bag landscape. Ask students to imagine
how the landscape would change if a city moved in – how would that change the
movement of water?
Watershed Adaptations for Younger Students5:
1. Where does the water go? Visit the school grounds after a rain and ask
students where the water went. They can bring spray bottles along outside to
spray “rain” on various surfaces (parking lot, grass, rocks, slopes, and hills)
and observe where the water goes. Make the connection that water runs
downhill and eventually goes over and through the ground, parking lots,
roads, and lawns into your nearby lake, river, or stream.
2. Have students create and perform a watershed play. In small groups, students
can perform the various roles of the watershed, illustrating how all of the parts
of a watershed are connected. Some components to choose from include: rain,
groundwater, stream, lake, river, plants, plankton, frogs, fish, birds, farm,
cows, golf course, parking lot, lawn, forest, soil, buildings, people, pets, and
so forth. Focus on two or three components for the play. As students become
more familiar with the concept, you may add components.
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Calculating Pervious and Impervious Surfaces6
Introduction to Pervious and Impervious Surfaces
1. Watersheds are a big deal in thinking about where
water will end up eventually. Ask students if water
falling on all surfaces moves in similar ways.
a. What is the difference between water falling
on a garden and water falling on a parking
lot?
2. Introduce the terms pervious and impervious. Have
students apply the definitions to discussion from the
previous question.
Optional: Take a walk around the schoolyard to
determine which surfaces are pervious or
impervious. Bring a jug of water to pour on any
surfaces in question. Come up with reasons as to
why some surfaces that seems like they should be
pervious may be impervious (i.e., compacted soil,
highly manicured grassy areas)
Optional: Use two paint pans to show the difference
between pervious and impervious surfaces. Fill one
paint pan with soil. Cover the other paint pan in
saran wrap to indicate paved surfaces. Pour an 8
oz. glass of water on the top side of the paint pan
and observe how long it takes water to pool at the
bottom of the pan. You can try this activity with
different types of soil for older students.

Pervious Surfaces
Much water gets a chance to
filter through vegetation and
soil; we call these areas
pervious surfaces. Pervious
surfaces permit water to enter
the ground by virtue of their
porous nature. These surfaces
not only work to filter water,
they also slow water down on
its way to streams and lakes.
Impervious Surfaces
On the other hand, much
water never gets the
opportunity to absorb into the
ground because it falls on
impervious surfaces, surfaces
that do not allow water to
soak into or pass through like
concrete or asphalt. This water
gets drained somewhere –
and it is a good deal of water!
At this point in the lesson, we
want to discover just how
much water falls on
impervious surfaces around
the school to get an idea of
how much water needs to go
somewhere.

3. Ask students to brainstorm pervious and impervious
surfaces they might find around their school and
homes. Create a chart on the board.
a. Ask students to brainstorm how impervious surfaces change the flow of
water.
b. Ask students what happens to rain during a storm when it falls on
impervious surfaces.
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Mapping the Impervious Surfaces in the School Yard
1. Before class, use Google maps to get an aerial map of your school yard.
Place a grid over the map and make copies for your class. A map of Great
Lakes Aquarium with a grid is included as an example.
2. Explain to students that they will be determining the volume of water
accumulated from impervious surfaces on the school campus in an average
rain storm. Once you know how much water you’re talking about, you can
deal with where all that water goes.
3. Break students into groups of 3 and give each group a gridded map of the
school campus and a measuring tool.
a. Assign each group one region within which to measure impervious
surfaces.
b. Mark these on a master map to be sure that all impervious areas of
campus are covered by different groups.
c. If possible, project the map onto a whiteboard or SmartBoard.
4. Decide on units to use. With the tape measures provided in the Great Lakes
Aquarium kit, it may make the most sense to use inches and feet. You may
choose, however, to use metric measurements.
5. To learn the volume of water that is accumulated on impervious surfaces in
one rainstorm at your school, ask students to start with the area of all the
impervious surfaces within their regions. Review area formulas with your
students.
6. Introduce the idea that some impervious surfaces may be irregular shapes. In
this case, break the area up into more manageable shapes (squares,
rectangles, and right triangles) and calculate the total area as shown in the
following diagrams (given irregular shapes, some estimation may be
necessary):
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7. Hand out Student Handout 1 and explain the steps. Note that the worksheet
uses inches, feet, and gallons.
8. Take students outside to get the appropriate measurements. As students take
the measurements, have them observe the slope of the land and make a note
of which way water would flow from their surface. They should draw arrows
on their map indicating the direction of water flow.

Calculating Volume of Rain that Falls on Impervious Surfaces
1. Using a one inch rain storm as a typical significant rain
event, have students calculate the number of gallons of
stormwater running off each impervious surface within
that event. Multiply the rainfall (convert inches to feet or
centimeters to meters) by the area of the study plot
(square feet or meters).
2. Volume should then be recorded in cubic feet (ft3) or
cubic meters (m3). Convert these measurements into
liters or gallons.
3. After each group has found the number of
gallons/liters for their study plot for one inch of rain,
have each group share their information.
a. Once all of the groups’ gallon amounts are in
one place, add them up to see how much water
runs off of impervious surfaces around your
school during a one-inch rain event.
b. Compare that number to the gallons of water
table below:
Table of Comparison
Water in…
Olympic swimming pool
15 x 30 x 4 Backyard swimming pool
An average daily personal shower (10
minutes)
Largest tank at Great Lakes Aquarium
A typical bathtub
Lake Superior
(That could fit in) an African Elephant
were you to fill it with water…
A toilet flush

Conversions
1 cm = 0.01 M

number of cm/100 = number
of meters
1 inch = 1/12 foot = 0.083

number of inches/12 =
number of feet
1 inch = 2.54 cm
1 cubic meter = 1000 liters
1 cubic foot = 7.48 gallons

Gallons of water
660,430
13,500
40
45,000
70
3,000,000,000,000,000
12,680
3.5
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Discuss Why Impervious Surfaces Are Impactful in a
Watershed
1. Lead a discussion about this run-off water using the
following questions as a guide. You may choose to have
students discuss in small groups.
• Would you say our school yard has a lot of
impervious surfaces or not very many?
• Can you think of places that have lots of impervious
surfaces?
• We know that water doesn’t soak in to impervious
surfaces, so where does it go? (students can use the
arrows they drew on maps to discuss this)
• What sorts of non-water substances might be in this
stormwater based on the impervious surfaces you
observed in the school yard?
o Think oil drips under cars and trash on the

ground. You could do a tour looking for
potential sources of stormwater
contamination around your school.
•

If we calculated this much stormwater flowing off of
the impervious surfaces in our school yard, can you
image how much stormwater flows off of the
impervious surfaces in a whole city?
o Having a well-designed stormwater system is

important to any city. It is something we
would miss if it weren’t there but, at the same
time, something we don’t spend a lot of time
thinking about.

•

o What sorts of non-water substances might be
in this stormwater throughout a city?
Introduce the terms “point pollution” and “nonpoint
pollution” to talk about stormwater contamination.
o Where might stormwater pick up pollution?
o What are some basic things we can do to
help avoid stormwater contamination?

A Very Impervious Situation - Science Institute 20122012-2013

Stormwater
Introduce the term “stormwater.”
Stormwater is water that washes
off the land after a rainstorm or
snow melt. It is particularly
important to acknowledge the
difference between stormwater
and sanitary sewer water. In
some cities, the storm sewer is
connected to the sanitary sewer,
and it all gets treated (unless
there is great overflow) before it
is released into streams and
lakes. Check with your local
water treatment facilities to learn
about your community.
Notes on the Impervious
Cities with lots of impervious
surfaces need to consider where
the stormwater will go. Water
has to go somewhere. Imagine
what would happen if there were
no system to direct water that fell
on impervious surfaces around
the school. We’d be in real
trouble (and probably standing
water). Stormwater systems allow
us to build cities and move water
in effective ways.
In truth, does all water that falls
on impervious surfaces end up
directly in the storm drains? No,
probably not. Much runs off onto
pervious surfaces; some spreads
out over impervious surfaces;
some evaporates. A good deal,
however, does make its way to
the storm drains and eventually
to our streams and lakes.
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Connect to the June 2012 Flood in Northeastern Minnesota
1. Students calculated the rainfall for an average rainfall.
On June 19 and 20 of 2012 a very unusual storm
event happened in Northeastern Minnesota. Ask
students to share their experiences with the flood:
• How many of you were in Duluth for the June
2012 flood? What do you remember?
• What are some of the parts of town/streets that
were affected by standing water? By rushing
water? How were they affected?
• Did anyone have flooding around their house?
• Did anyone have water in their basements?
• Did anyone have to change their travel plans?
• Did anyone have experience with flooding in
the streets?
2. Remind students that they only calculated 1 inch of rain
when they looked at the impervious surfaces around
the school, in the 2012 flood some areas received up
to 10 inches of rain! Explore what would happen if you
calculated the volume of water that would run off of the
impervious surfaces at our school if we got 10 inches of
rain.
3. Have students multiply their numbers from the first
volume calculation by 10. Compare the new numbers
to the gallons of water in familiar environments.
Engage students in discussing the excessive volume of
water in just the schoolyard. Now, try to imagine all of
the impervious surfaces in the city getting that much
water. The stormwater system was overloaded! That’s

why we saw so much standing water – it didn’t have
anywhere to go. (Even pervious surfaces were
shedding water because they couldn’t absorb
anymore!) Refer to the included image from the June
2012 flood.
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Notes of the June 2012 Flood
Relating to Duluth, MN’s
Stormwater Infrastructure3
The flooding in the city of
Duluth after the June 2012
storm was not a result of
undersized storm sewers, too
much development, or not
enough rain gardens. The
flooding and damages that
were caused in June 2012
were the result of extremely
prolonged, intense rainfall.
There was simply a lot of
water coming down the hill,
and the storm sewers are not
designed to carry that volume
of water.
This flood did more than just
overload the stormwater
system with water; the flood
also moved a large volume of
rock and deposited that rock
at the bottom of the hill and
along the hillside in Duluth. In
some cases, this changed the
course of the water flow –
affecting the watershed in
ways we haven’t even begun
to explore in this lesson. Ask
your students if the flooding
changed any landscape
around where they live.
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Pervious
Pervious and Impervious Surfaces Adaptations for Younger Students:
Instead of having K-4th grade students measure for area and volume, help them
understand the terms pervious and impervious surfaces.

Impervious and Pervious Walking Tour
1. Explain to students that you are going on an impervious surface hunt! You
want to know how many impervious surfaces exist around the school.
2. Equip students with gridded maps of the schoolyard and two colored pencils
each, green and red work great.
3. Demonstrate what happens to water on impervious and pervious surfaces by
pouring water onto different surfaces and making observations about what
happens.
4. Ask students to guess which surfaces around the school will be pervious or
impervious.
5. Break students into smaller groups and give each group a container of water
(you could ask students to bring containers from home) to use in search of
pervious vs. impervious surfaces. Instruct groups that they are to explore
different surfaces to see if they are pervious or impervious.
6. When students find a pervious surface, they should color that region of the
map green. When students find an impervious surface, they should color that
part of the map red.
7. After you have searched the schoolyard, ask students if there are more
pervious or impervious surfaces around the school.
8. Pursue this farther to ask the students where water goes when it rains on
impervious surfaces.
9. Find an impervious surface. Pour water on it and watch where it goes.
a. Discuss storm sewers with students.
b. Explain that storm sewers often go directly to rivers, streams, or lakes
from that drain.
10. Ask what we should be very careful about knowing that this water goes
directly to river, streams, and lakes.
11. Have students look around the schoolyard to acknowledge potential pollution
problems for stormwater (parking lot oil, litter, leaves clogging up the storm
drain).
Pervious and Impervious Surfaces Adaptations for Older Students:
Many of the above activities are appropriate for older students, particularly if you let
the students figure out how to create the maps, set up the formulas, and carry out the
measuring. Also, rather than simplify irregular shapes into squares, rectangles, and
right triangles, older students can use more complex shapes.
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Putting the Picture Together - The Watershed Game7
Warm Up
1. Review concept of watershed introduced at the
beginning of this lesson plan.
2. Review the concepts of pervious and impervious
surfaces explored in the calculating impervious surfaces
exercise.
3. Ask your students to define stormwater.
4. Ask your students to brainstorm where they think
stormwater goes during and after a rainstorm or snow
melt. (into ditches, storm drains, streets, lakes, rivers,
soaks into the ground, etc)
5. Ask your students to define sanitary sewer water, or the
water that leaves their houses and to describe where
sanitary sewer water comes from. (Homes &
businesses)

Stormwater Pollution
Stormwater will pick up
debris, chemicals, soil, and
other particles from the land
including your driveway, yard,
and the streets as it moves into
the storm drains, ditches, or
directly into lakes and rivers.
Sometimes stormwater is
treated, but more often it runs
directly into streams, rivers,
and lakes.

6. Identify where water that goes into storm drains,
streets, and ditches ends up. How is that different from water that comes from
homes and businesses?

The Watershed Game
1. Break your students into groups of three.
2. Hand out Scenario Cards; if possible, do not give out the Flood Scenario card
to a group unless you need to in order for groups to be small enough for good
discussion.
3. You students will need to read the scenario card and decide as a group which
of the possible actions they will choose
4. Once the students have made their decisions gather the groups around the
EnviroScape or watershed model
5. Have each group read their scenario card and tell everyone the choices they
had and which one they decided to pick.
6. Based on each group’s answer, let them know if they need to do something to
the EnviroScape or watershed model. Be sure to have the group with the flood

wait until the discussions are complete if you needed to give it to a group.
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7. Allow the groups to discuss the scenario and the choices. Ask the students to
identify reasons why each choice may be poor, good, better, or the best
choice. Some questions to ask:
a. Why do all of the choices have an impact on the watershed?
b. How do you know which choice is the best one to make?
c. If you are unsure about which choice is the best one, how could you find
out which is best?
d. What does “best choice” mean to you? Would that mean the same to
everyone? Why?
8. Pass out one spray bottle and have a student “rain” on the watershed for 30
seconds. Ask your students to observe what happens to the areas where the
water flows.
a. What color is the water as it flows towards the lowest point?
b. Are there areas where the color is changing more than others?
c. Identify the impervious surfaces that would carry water faster than the
pervious surfaces.
9. Ask students to identify ways to reduce the amount of “pollution” that is being
caught in the runoff, particularly from impervious surfaces.
10. Drain out the lake on the EnviroScape or watershed model; do not clean the
surface of the watershed at this time. During a light rain, not all of the

pollution on the surface will run off. Later in the lesson, your students will
simulate a flood. At this time, all of the pollutants on the EnviroScape will be
affected – much like in a flood. This is important to talk about with students in
regards to the impact of flooding.
11. Ask your students if there are any choices they would make differently this
time, after observing the change in the rivers and lakes during a rainstorm.
12. Add some new pollution to the EnviroScape or watershed model based on
your student’s new choices
a. Identify areas where pollution will always be even in small amounts and
place food coloring in those areas
b. Ask students to discuss why there are areas that pollution will always be
present.
13. Read the flood card, or have the group with the flood card read their
scenario. Pass out all of your spray bottles – (at least three) – have your
students “rain” on the watershed for two minutes.
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a. What is happening in the watershed during the flood?
b. How is this different than a normal rain storm?
c. Are there any similarities between the flood on the EnviroScape and the
June 2012 flood in northeastern Minnesota?
d. Discuss some potential damage that a flood like this could cause for the
storm water infrastructure of a community.
Wrap Up
1. Ask students to relate what they saw or heard about in the June 2012 flood to
the Watershed Game they just played.
2. Remind students that the EnviroScape is a simplified model of a watershed. In
an actual watershed, water may be absorbed into the ground before it runs
off.
a. Ask students to recall the terms pervious and impervious surfaces.
b. Ask students how different surfaces will affect how water moves within
a watershed.
3. Emphasize that the water in your watershed is a limited resource: there isn’t
an infinite supply of water, and the effects of pollution can linger for many
years.
4. We have the responsibility to keep our watershed clean – that includes the
stormwater! Review of the choices that polluted or depleted the watershed.
a. Discuss values and economics.
b. Have participants discuss which choices were acceptable and which
choices were difficult to make.
c. How could they alter their own or others’ behavior patterns and values
to better protect their lake?
d. Although they may not be able to alter corporate decisions, students
can choose to recycle, avoid littering, and support family actions that
reduce pollution.
The Watershed Game Adaptations
Adaptations for Younger Students7
1. The activity and concepts explored in this lesson may not be suitable for
younger students. Instead, have students identify and draw some local
community members that depend on the local lake or river for a job, drinking
water, business, or recreation. (Possibilities include an angler, instructor, bait
seller, tackle industry owner, water treatment plant worker, lakeside restaurant
owner, resort owner, tourist, child who likes to swim, conservation officer, or
lifeguard).
a. Cut out each drawing.
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b. Then have students draw the local lake or river on a piece of poster
board.
c. Draw fish in the lake or river.
d. Arrange and glue the community member cutouts around the lake or
river. Underneath each cutout, write each person’s name or position.
Using string or yarn or drawn lines, have students connect the
community members to the water and fish.
e. Write the reasons why each person needs clean water or healthy fish
(or both) on the line.
f. Then have students make connections between the various people,
indicating who is likely to need whom in the community. Discuss how
people are part of the natural community and part of the human
community.
g. Ask students if they can identify any ways people in the community
might cause pollution of the water – even if they don’t mean to.
h. Ask students to place themselves in the picture. What, if anything,
connects them to the lake? Are they connected to other members of the
community? How? Within a habitat, people interact with one another
to obtain life’s necessities, or habitat needs.
i. Ask the students to summarize how the lake or river is part of a natural
community and how it is important to the human community. Have
students create a title for their poster.
Extensions:
•
•

•
•

•

•

Create an experiment to consider how slope affects the speed of runoff from
both pervious and impervious surfaces.
Compare the runoff rate of different areas: bare soil, mowed grass, soil with
shrubby vegetation, and impervious surfaces. Repeat the experiment with
different kinds of soils.
Monitor storm drains around your school to keep them free of debris and
pollution that would be harmful to streams, rivers, and lakes.
Plan and create a rain garden to catch runoff water from storms before it goes
to the storm sewer. This will help filter the water before it reaches streams,
rivers, and lakes. It can also help reduce the load of water storm drains have
to handle.
Plan and implement rain barrels around your school to collect runoff from the
rooftop of your building. This water can be used to water gardens and
grasslands rather than overloading a stormwater system.
Contact the city stormwater coordinator to learn more about how stormwater
works in your community.
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